In this paper we re-examine the problem of sustainable regional development for Europe from a reflexive point of view, offering a conceptualisation of some of the European Commission research actions from a vantage point that we were able to reach through the research itself. We retrace the rationale for the creation of a new area of research in digital ecosystems in the presence of challenges of socio-economic development specific to Europe and characterised by an overwhelming predominance of small and medium-sized enterprises (SMEs). We show how the economic, social, and technological context of the European regions posed constraints and opportunities that made the development of the digital ecosystem concept a natural and logical evolution of EC research policy. Finally, throughout the article we show how language and the formalisation of knowledge play a fundamentally important role in the dynamics of sustainable socio-economic development, how digital ecosystems naturally take advantage of this fact, and how this has led to the emergence of a new and very effective paradigm for interdisciplinary research.
Introduction
European governments at the national and regional level have a mandate by their citizens to promote policies of economic development and of increasing prosperity, innovation and competitiveness. In the last 20 years these objectives, that used to depend on a strong industrial infrastructure, have been described increasingly in terms of a dependence on information and communication technologies (ICTs) . The greater role of ICTs in every aspect of our lives combined with the rise of the importance of the service sector has led us to describe the time we are living in as a historic transition from the "material economy" to the "knowledge economy".
The European Institutions have a lighter role in setting policies of growth and development through the power of initiatives of the European Commission, including the area of actions and programmes for research and innovation. The Lisbon Strategy defined in 2000 2 is a good example of such a development plan as well as of how the European Commission sees itself as facilitator in this historic transition: the Presidency Conclusions, Lisbon European Council, 23-24 March 2000, are generally summarised by the commitment to become "the most competitive and dynamic knowledge-based economy in the world, capable of sustainable economic growth with more and better jobs and greater social inclusion" by 2010. The level of achievement of the Lisbon objectives will determine the success of the Commission and of National Governments, as well as the quality of life of future generations of Europeans. To what extent the objectives will be reached and what kind of reforms are deemed necessary will determine the future of our "distinctive economic and social model that has combined productivity [and] social cohesion" 3 , a model that has been prevalent in Europe in the last half-century.
However, unfortunately the "Lisbon goals are still far away" 4 and the gap with the growth rate of North America and Asia has constantly widened since 1995. Reversing this progressive decline in productivity (in relative terms) requires an unforeseen active effort, engagement and contributions from all the Commission services. Therefore, "The EU needs a comprehensive and holistic strategy to spur on the growth of the ICT sector and the diffusion of ICTs in all parts of the economy". 5 Importance of ICTs for stimulating the growth of the SME sector "ICT is a key component of the Lisbon strategy". Its adoption is considered one of the major contributions to economic growth and increase in economic efficiency. "The decline in EU labour productivity growth rates in the mid-1990s can be attributed equally to a lower investment per employee and to a slowdown in the rate of technological progress" 6 , "ICTs are central to boosting productivity and improving competitiveness. Forty per cent of the productivity growth in the EU between 1995 and 2000 was due to ICT". 7 The "European productivity growth could be significantly accelerated if organisations made more and better use of ICT in their organisations and production processes." 8 Relevant for the economic development is not only the usage of ICT, but also the capacity to master the ICT technologies, since ICT is an economic sector in itself. Indeed in 2000 the Software and Service sector on its own represented more than 8% of the EU GDP, and 6% of employment. ICT increasingly forms an integral part of all industrial and service markets through the integration of ICT in goods or service offers.
Although there is general agreement on these statements and figures, the statistical evidence points to two main digital divides on ICT adoption issues within European Member States:
• The regional digital divide arising from the different rates of progress in e-business development within the EU, generally perceived as between the Nordic/Western and the Southern European Member States. While Nordic and some Western European countries are fast and sophisticated adopters of e-business-in some cases perceived as the worldwide benchmark-the situation is entirely different in regions with less developed economies, particularly in Southern Europe.
• The digital divide by company size arising from the significant 'gaps' between small and medium-sized enterprises (SMEs) and larger enterprises in the more advanced forms of ICT adoption and particularly in terms of e-business integration and associated skills. This is set out clearly in the Eurostat "e-Commerce and ICT usage by European enterprises" survey of 2001.
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The effect of the two digital divides is cumulative and gaps therefore tend to widen. In fact, due to their limited resources, SMEs worldwide struggle when facing the following ICT adoption obstacles:
• Shortage of knowledge, entrepreneurship Despite the achievements in the EU integration, when operating in the EU common market European SMEs have to deal with additional disadvantages:
• Different regulations and legal issues • Multiplicity of languages • Variety of cultures, resulting in heterogeneity of approaches, practices, diversity of approaches, business models, ways of doing business, mechanisms of trust • Shortage of venture capital Thus SMEs in the less advanced regions have become the focus of specific actions devoted to promote ICT and e-business adoption at the EU level. 10 The Commission increased the measures aimed at stimulating broader take-up by SMEs, especially within the RTD programme. But take-up measures based on scattered support of individual SMEs resulted in limited impact, which did not extend beyond the beneficiary SMEs.
In 2003 a new evaluative study 11 of the contributions of all Information Society programmes and policies to the goals of the "Lisbon Strategy" identified the necessity of a more systemic approach to information society development 12 . The Commission in its proposal on the new Financial Perspectives 13 responded with a more effective integration policy of research and technological development. A stronger link between DG-INFSO activities and the Lisbon Strategy has been created by the refocusing of the Lisbon Strategy and by the Commission's recent policy initiatives (CIP, FP7, i2010) .
Keystones and SMEs
If we adopt the upper boundary of 250 employees and/or 5M Euro turnover between "medium" and "large", then more than 99% of European companies are SMEs and they account for roughly 50% of European GDP. These figures are not significantly changed by the ten new member states. If we look at companies with 10 employees or less they account for roughly 90% of all companies. Thus the European economic fabric is characterised overwhelmingly by small and micro enterprises. This can be contrasted with the much less sharp US distribution, where the number of "medium-sized" companies is relatively much greater. The different dimensions of the enterprises coupled with a much greater level of ICT adoption in the US and the stronger weight of diverse cultural traditions in how European SMEs are run make the two environments extremely different.
In many US regions, the large enterprises required their network of supplier/logistics/reseller SMEs to adopt electronic business technologies. Thus the presence of "keystone" players fostered the adoption of electronic business in the value chains or in the territories where they operate.
14 It has however become apparent that the peculiar European distribution of company size, characterised by an overwhelming majority of small and very small companies, with the presence of few giant enterprises in some regions (Fiat, BMW, Tesco, etc) , hinders the wide application in Europe of such mechanisms of ICT adoption. Such economic structure is a permanent distinctive characteristic of the EU, despite attempts to create large European enterprises.
All these facts reinforce the perception that a European solution to the problem of economic development and ICT adoption should follow a different approach to development, based on ecosystems of SMEs. Europe should adjust to the necessary acceptance of such structure. An approach alternative to the keystone therefore needs to be found in order still to achieve economic development, turning what the prevailing wisdom considers limitations in competitive advantages. The rest of this paper will therefore develop the ideas that have led to one such alternative approach, spearheaded by the European Commission. We will discuss the new scientific paradigms and ICT technologies that should be developed for enabling this approach and the contribution and the role of catalyst and facilitator of the RTD programmes implemented through their projects and specifically the new instruments of FP6: Integrated Projects and Networks of Excellence.
The limits of the statistical/macroeconomic perspective The distribution of company size in Europe correlates well with the level of ICT adoption leading, as stated above, to a self-reinforcing digital divide. This situation tends to favour incumbents relative to upstarts, which in most socio-economic contexts leads to stagnation or at least slows down innovation. The problem then becomes how to energise the huge potential embedded in European SMEs and amplify their productive capacity through facilitating their adoption of ICTs.
The answer has been conceptualised for a few decades as a progressive and incremental process of adoption that is well characterised by the "Cisco ladder", as shown in Fig. 1 . This view however is problematic because the progressive enablement of each step of the ladder by the previous step, although very appealing, is an oversimplification of the markedly different contexts and situations affecting the adoption paths actually taken by SMEs. Furthermore, many SMEs are stuck at the static website or e-mail stage, without any interest or ability to move up the ladder, even as far as ecommerce.
Fig. 1 The Cisco ladder of ICT adoption, modified to include digital ecosystems 15
15 Nachira, F, et al. (2002) . "Toward a network of digital business ecosystems fostering the local development", http://www.europa.eu.int/information_society/topics/ebusiness/godigital/sme_research/index_en.htm And yet, on average the Cisco ladder does seem reasonable. "On average" is precisely the problem. Whereas the number of European SMEs (in the neighbourhood of 20 million) certainly seems to justify a statistical approach, statistical models are most effective in the analysis of equilibrium systems for which the central limit theorem guarantees a sharply spiked Gaussian around the average of any random sample. It is helpful to use statistical averages when quantifying the size of the SME sector relative to other macroeconomic indicators. However, the SME sector is so fragmented by different business domains and cultural/geographical differences that it becomes very difficult to generalise about SME characteristics if one attempts a more in-depth analysis.
One such classification (see Table 1 ) that seems more useful than the traditional view is based on a rethinking of the traditional categories to fit better the structural characteristics of SMEs. 16 Rathbone developed a coding system for these categories. The Rathbone Codes are a good example of how far one can push the statistical mind-set in the analysis of SMEs. These codes are useful because they not only characterise company structure but also provide an insight into company behaviour by incorporating human and social aspects where there are patterns that can be commonly observed to influence typical business behaviours. Although they do better than the traditional categories, the Rathbone Codes could be seen as a first approximation, because the convergence of average behaviour around recognisable trends is hampered by a scale effect: the smaller the company, the less meaningful it is to "average" its decisions or the behaviour of its employees. Social and individual dimensions become more important and social networks and communities of practice 17 become more reliable frameworks for analysis of economic behaviour than statistical averages. The greater importance of the social dimension, in turn, implies a greater role played by language and communications in the formation of SME communities. This has important implications for the research, as we shall see below. The first paradigm shift: From large industry to SMEs and the role of language When a statistical ensemble of atomised components is magnified to the point that each component is recognised as a complex network of individuals and technology, the social dimension of the technical and economic environement we inhabit and work in becomes impossible to overlook. This is when a model becomes a paradigm in the (original) Kuhnian sense, i.e. a body of theory combined with a community of practice and a set of research methodologies. 18 Over the last two decades a shift in the paradigm of the economics of large industry was forced by the problem of European development into a paradigm of socio-economic relations between small players mediated by information and communication technologies. This new perspective brought to the fore the problem presented by the "embedded character of knowledge": …the idea that practices of different communities are highly localized and that knowledge is inextricably connected to the social processes that create and maintain it.
[…] This view underlies the challenges involved in knowledge exchange across these communities and the difficulties created by the loss of context that the process of translation of knowledge entails when we try, for example, to apply the lessons learned at the level of communities to the level of businesses, public organizations, and policy. If we apply the Kuhnian paradigm to socio-economic interactions the body of theory becomes the knowledge, tacit or explicit, of the community of practice, and the research methodologies become more simply the processes by which tacit knowledge is codified and formalised into explicit knowledge. In the regional context, the knowledge formalisation process is thus recognised as the heart of a dynamic of growth, innovation and empowerment because, insofar as it can be considered a language, it reinforces the embeddedness of economic relations in social networks. This requires us to spend a few words to explain how the concept of embeddedness can be integrated with the socioconstructivist view of language.
The importance of language in the making (or breaking) of social systems has been recognised for a long time. 21, 22, 23 If the knowledge economy is seen to depend on processes of formalisation of knowledge (in spite of the challenges that this implies) and if, at the same time, the European business ecosystem landscape is strongly dependent on social relations, then clearly there is an opportunity to apply what we understand about language to catalyse economic growth through processes of socioeconomic development through ICTs.
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The emphasis of New Institutional Economics on economic efficiency as the principal driver of organisational change explains the formation of corporate hierarchies in terms of lower transaction costs relative to what would be required by trading across a market interface. 25, 26 By the mid-Eighties a different account, associated with the new field of economic sociology and with Granovetter's work in particular, was taking shape. 27 Granovetter argued that Williamson's reliance on a Darwinian argument to explain the evolution of the firm oversimplifies the process of organisational change. This position is particularly interesting from the point of view of research in digital ecosystems because it clarifies that biological metaphors do not necessarily apply to the business ecosystem, where other dynamics may be more important. To Granovetter, the anonymous market of neo-classical economics is virtually non-existent in economic life and transactions of all kinds are rife with social connections, both inside the firm and in a market setting. He describes economic life as "embedded" in a network of social relations. Thus, Granovetter sees Williamson's notion of the market to explain economic action as "under-socialised" (very little embeddedness, or "atomised" agents), whereas his notion of the governance in the hierarchical firm appears "over-socialised" (too much embeddedness, actors constrained by social norms and roles).
Granovetter points out that the importance of the embeddedness approach in explaining proximate causes of patterns of macro-level interest is demonstrated by the example of small firms. The persistence of small firms is usually explained by the need of large corporations to shift the risks of cyclical fluctuations in demand or of uncertain R&D activities. Granovetter instead holds that SMEs persist in a market setting because a dense network of social relations is overlaid on the business relations connecting such firms, and reduces pressures for integration into hierarchical structures. This view is further supported by the observation that often SMEs do not behave rationally. This however implies a double requirement: on the one hand, formalisation relies on a shared language, which depends on practices of collaboration for its development; on the other hand, the connection between formalisation and economic behaviour needs to be made more immediate and transparent. The former requirement finds its natural fulfillment in the adoption of the open source community process for the production of a common open source infrastructure and basic services, shared business vocabularies, ontologies, and reusable generic business models, whereas the latter requirement implies a degree of spontaneous adaptation and automation in the mediating information and communication technologies that has hitherto been unimaginable.
The Business Ecosystem
At this point an independently-developed stream of thought that fit well in the above framework was identified. Instead of seeing the "economy as machine" this view argues that "the market economy" is best understood as a living, evolving ecosystem. 28, 29 The metaphor was further developed and deepened by J F Moore who describes a Business Ecosystem as
An economic community supported by a foundation of interacting organizations and individuals--the organisms of the business world. This economic community produces goods and services of value to customers, who are themselves members of the ecosystem ... . Over time, they co-evolve their capabilities and roles, and tend to align themselves with the future directions ... . 30
Phenomena observed in a natural ecosystem, like competition, specialization, cooperation, exploitation, learning, growth, extinction, could be defined also in a "business ecosystem". J F Moore, whose principal passions are "bridging the global digital divide and increasing access to information technologies in developing countries", 31 in his analogies between natural and business ecosystems also recognises the key role of the infrastructure:
Like individual plants or animals, individual businesses cannot thrive alone-they must develop in clusters or economic ecosystems. Agriculture requires not only farms, but an infrastructure of roads and ports on which transport companies can move the goods, supporting a network of storage facilities, distributor, and finally consumer markets. 32
The Digital Business Ecosystem and the second paradigm shift
The combination of these disparate elements and requirements, together with the effort to create the conditions for achieving the Lisbon objectives, motivated the application of the ecosystem metaphor to the digital world and gave birth to the concept of the digital ecosystem. In 2002 the area related to SMEs of the "e-Business" unit of the European Commission produced a discussion paper that introduced the concept of Digital Business Ecosystem.
33 This paper and the DBE concept has been revisited more recently in a position paper on digital ecosystems, 34 so we will only highlight a few aspects that are relevant to this discussion. 28 Rothschild, M (1990 The digital ecosystem was defined as the ICT-enabling infrastructure for economies, based on fluid, amorphous and often transitory structures, alliances, partnership and collaborations among SMEs that supports the cooperation, the knowledge sharing, and the building of community that share business, knowledge and infrastructure.
The aims of the digital business ecosystems strategy as originally formulated was two-fold: 1-Preserve ICT capacity building. Europe, except for a few notable exceptions, does not have large software firms. In a world dominated by large-scale ICT industries, Europe risks to lose the competencies and the autonomy in this strategic sector. Digital ecosystems enable small and micro enterprises to produce and distribute knowledge-based components, which will dynamically become part of larger complex systems. They enable ICT-based SMEs to be competitive in the global software production market. 2-Provide ICT solutions and services that support multiple and new models of business, and specifically of cooperative business networking among SMEs. These solutions must also be able to "mutate", adapting to the specific needs of the users and thereby fostering ICT adoption in local economies.
The digital ecosystem is the pervasive "soft" support infrastructure populated by components or "digital species" able to evolve and to adapt to local conditions, and to mediate services and knowledge. In this analogy the digital ecosystem is "populated by digital species", exhibiting structure and behaviour of natural species. 35 The "digital species" could be any useful idea, expressed in a language (formal or natural), which could be digitised and launched on the Net, and which can be processed (by computers and/or humans). 36 Thus the digital ecosystem concept also puts a great emphasis on language, but does so in a manner more aligned with Winograd and Flores.
37 Fig. 2 shows how we might begin to conceptualise the evolution of the thought process in economic development toward a strengthening of the social dimension, language, and ICTs. Fig. 2 In search of the ingredients of sustainable development 35 No central control, no plans defined in advance; fault-tolerant; no central point of failure; viability concept; diversity and autonomy; adaptation to local conditions; selection and evolution. 36 This includes different aspects of knowledge: software components, applications, services, knowledge, business processes and models, training modules, contractual frameworks, laws ... 37 Winograd, T, and Flores, F (1987) . Understanding Computers and Cognition, Addison-Wesley Given the complexity of ecosystems, it is clear that a very significant effort is needed for the development of the basic theories and technologies underpinning the structuring and the spontaneous evolution of digital ecosystems. This concept was included in the FP6 IST work programme, and the first FP6 call for project proposals included in its objectives "IST as driver for small business and government reorganisation through local development processes including small business ecosystems", and "multidisciplinary researches into complex adaptive and self-organising systems". In response to Call 1 of FP6 the DBE Integrated Project was funded and brought together a large and radically interdisciplinary group of research/academic, industrial and business partners to address these challenges.
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The idea of the digital business ecosystem represents a radical departure from previous conceptualisation of technology development and adoption. In this sense it can be regarded as a paradigm shift of sorts, as the term is often used in the computer science and software engineering community. More importantly, however, it introduced the possibility to conceptualise the interaction between a business ecosystem of companies and a digital ecosystem 39 of software entities and formalised knowledge as a structural coupling across different types of user interfaces (different model development tools and run-time web interfaces for service consumption). The concept of structural coupling was introduced by the two neuroscientists Maturana and Varela as part of their theory of autopoiesis as an alternative to genetic determinism in processes of gene expression and biological evolution. 40 Rather than assigning to the DNA the role of "independent variable" and to the cell metabolism the role of dependent process entirely determined by the DNA, 41 structural coupling assigns an equal role to two interacting entities, such that neither is seen to determine the other completely. Rather, each entity can only trigger changes in the other, changes that depend on the state and previous history of the entity being triggered.
The appeal of this model in this discussion is that it refutes both techno-centric approaches where the users have to adapt to the technology, as well as approaches where the users are entirely in control and the technology is entirely dependent on them (early discussions within the DBE project leaned toward this view). In the DBE there are mechanisms of adaptation over long time scales, triggered by run-time business transactions but clearly dependent on the current state of the system. The business users, in turn, respond to the opportunities granted by the technology, discovering new partners and new markets through synergies based on their current needs and offerings. Interestingly, this kind of interdependence between users and infrastructure is also discussed in a completely different language by sociologists Ciborra and Hanseth
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; users are encouraged to acknowledge the inertia effects in the development and use of large information infrastructures, which are therefore more amenable to being "cultivated" than "managed".
The 2002 digital business ecosystem discussion paper went further and suggested to apply the ecosystem metaphor to the software entities themselves. The DBE project responded to the challenge of creating an adaptive software infrastructure through the dynamic interactions of the software species that inhabit it by bringing the ecosystem metaphor several steps closer to an isomorphic model. The result, as shown in Fig. 3 , is a well-integrated set of technological and business sub-systems. 38 www.digital-ecosystem.org 39 Some caution is necessary: the term "digital ecosystem" is often used in a generic and loose sense that encompasses everything, including the business ecosystem. Such a generic term is useful when speaking of different "instantiations", such as might be possible in the multi-media sector, or the gaming sector, tourism, manufacturing, etc. However, this term is also used to signify the narrow definition of "digital business ecosystem", which pertains only to the technology. The latter is the case in the above sentence. Digital ecosystems in the former sense are being referred to as "innovation ecosystems" by the European Commission in FP7. It is usually clear from the context which of these two meanings applies. 40 Maturana, H, and Varela, F (1998) Ciborra, C, and Hanseth, O (1998) . "From tool to Gestell: Agendas for managing the information infrastructure, Information Technology & People.
As shown in Table 2 The DBE Studio is a suite of editors that are used to create the business models of the services and of the SMEs, thereby enabling the business users to formalise the knowledge they create. The EvE houses most of the self-organisation capability of the DBE in the form of two market-driven optimisation approaches. A distributed optimisation enables DBE services to migrate to the SMEs that are most likely to need them based on the usage history of similar services. This optimisation works over long time scales and leads to the formation of clusters of SMEs that share similar services. Having prepared these local environments, a local optimisation is performed in the Habitats over short time scales on the local service pools of individual SMEs by means of Genetic Algorithms (GAs). This provides fast customised solutions to individual SMEs' service requests. More details on the architecture and various basic services such as Accounting can be found on the project website. The EvE is in fact part of the ExE, and both have interfaces to the SF. All three environments are distributed and rely on a P2P and dynamic network architecture.
Structural coupling between disciplines: The third paradigm shift
Looking back in 2006 at the work done in what is now the Technologies for Digital Ecosystems cluster in Unit D over the past 4 years, what started as an idea and a set of recommendations stimulated by recognised needs could be re-interpreted as an interesting case study in research policy development. Fig. 4 summarises the main points made so far: the realisation that to optimise the interdependence between the business ecosystem and ICTs the latter needed to be expanded to incorporate self-organising biological models and evolutionary algorithms; the role of the local government in setting policies to foster the growth of the ecosystems; and the structural coupling between technology and business mediated by the formalisation of knowledge.
The figure also shows how, in order to understand how to bring about this complex and multi-faceted system of technology, companies, policy-makers, and people, the EC had to develop an ambitious policy of interdisciplinary research. Surrounding the DBE there are now several more projects that will continue the research after the DBE ends and look at various aspects, from theory (OPAALS) to contract and negotiation frameworks (CONTRACT, ONE), to sectoral business models and service development (SEAMLESS), to governance (EFFORT), and regional adoption (PEARDROP).
Fig. 4 Structural coupling in digital ecosystems
The projects of the Digital Ecosystems cluster show on the one hand a coming together of very different disciplines around a space of pragmatic problems and applications, and on the other hand they have amplified a long-standing dychotomy between different epistemological and methodological traditions of research that seem to point toward a third and final paradigm shift.
The ecosystem approach has brought to the fore the deep ontological and epistemological differences between technological research borne out of the philosophical tradition aimed at designing and building "machines" operating in a well-defined, if reductive, objective reality, on the one hand; and social science research, which is more analytical and interpretative ("hermeneutic") in character and aims to account for the interaction between human action and socio-economic and technical structures and processes in the context of policy development, on the other hand. But the situation is even more complex since within social science itself sharply different philosophical positions have developed over the past several hundred years around most of the fundamental questions-that are then translated into difficult policy and political discussions. Fig. 5 tries to capture some of the main conceptual domains and philosophical traditions in social science. A few indicative and by no means exhaustive names are added to make the figure easier to interpret. The left-hand column is generally associated with the rationalist, deterministic tradition, it is the older of the two, and grew out of naturalist philosophy. The right-hand column is more recent, it reflects a greater emphasis on the social world for defining our reality (ontology) and the construction of knowledge (epistemology). Although interpreting the two columns in terms of an objectivesubjective dichotomy can only be a gross oversimplification, the thinkers in the left-hand column could be loosely grouped as sharing a belief in some form of "objective" reality, whereas a more "subjective" perspective permeates the ideas found in the right column. The different widths of the columns are meant to reflect the much greater constituency, within social science, that a critical tradition inspired by naturalist philosophy still commands. Thus, biological metaphors are certainly not new in social science. In fact, since Maturana and Varela's first publications on autopoiesis, 48 this theory has stimulated significant interest in a number of fields such as biology, sociology, law and family therapy. Although this theory has been criticised at least as often as it has been acclaimed, its most appealing characteristic in the context of this discussion is its strongly relativist position, which makes it stand out among most of the other objectivist theories of natural and physical systems. This is well summarised by Mingers: …I think that in a particular respect Maturana's work represents a distinct advance on classical phenomenology, a major criticism of which is that it is essentially individualist and has great difficulty in generating the intersubjective nature of social reality. Here Maturana begins from an intersubjective position. We are (as self-conscious beings) constituted through our language, and language is inevitably an intersubjective phenomenon. As Wittgenstein also argued, there can be no such thing as a private language. Thus language is essentially a consensual domain of agreements, of structural coupling that permits the operations of observers. 49 In spite of this very relativist outlook, autopoiesis is regarded as largely belonging to the naturalist side of Fig. 5 . Thus proposing structural coupling as a framework that can support productive interactions between philosophically incommensurable disciplines, in other words the fourth paradigm of this paper, is not likely to elicit consensus. It is the best we can do at this time, however, so we will work with it and reach some hopefully useful conclusions.
For example, the DBE research conducted so far suggests that computer science can play a double role that can be rationalised in a useful practical way from all these points of view, even if they may remain incommensurable at the philosophical level. Specifically, if computer science provides a bridge between natural and social science then it can be viewed from both sides. When we view computer science from the side of social science we see computers as media of communications. When we view computer science from the point of view of natural science, on the other hand, we see logic and structure, we see machines and numbers. This is summarised schematically in Fig. 6 .
Fig. 6 Computer science as a useful "commons" between incommensurable disciplines

Conclusion
One of the most important insights of DBE research has been precisely to realise that this framework allows both the naturalist and the hermeneutic disciplinary domains to co-exist side-by-side, without needing to compromise in any way on their respective ontological, epistemological, and methodological principles whilst interacting productively through the many facets of computer science. Neither "camp" need make any compromises on the depth and breadth of its scholarship. This framework enables a dialogue not only between different bodies of theory, and between different methodologies of research, but also between different communities of practice. We can therefore safely claim that it marks the beginnings of a new paradigm for interdisciplinary research.
